v. 1 



p§fe&£ i lK£n$f SSSft 




683,719 



Date of Application and filing Complete Specification: June I5> 1950. 
No. 14953/50. 

Application made in United States of America on June IS, 1949. 
(Patent of addition to No. 683,318 dated Sept. lb, 1949). 
Complete Specification Published; Dec. 3, 1952. 



Index at acceptance: —Classes 55(i), B(4a: 11), Kl, K5(c: e), K(8 : 9) ; and 55(ii), D3. 

COMPLETE SALIFICATION 

Improvements in or relating to Process for the Production of Fuel 
Gas from a Carbonaceous Solid 



ERRATA 



SPECIFICATION No. 683,719 



Page 1, line 36, for "Another" read "A 
further" 

Page 5, line 2, for "C. Analysis" read 
"Analysis " 

The Patent Ofjptce, 

12th October, 1954. 



HUH VI uaiwu iuv/iAu--.i.A— — — — — .t — - 0-7 

produce a fuel gas of relatively high 

20 beating value. The process of this inven- 
tion may be applied to the gasification, of 
coke, oil shale, and various grades of coal 
including anthracite, lignite, and bitu- 
minous coals, 

25 An object of this invention is to pro- 
vide an improved process for the gasifica- 
tion of solid carbonaceous fuels. 

Another object of tbis invention is tu 
provide for 'iflxe production of fuel gas 

30 from solid fuels. 

Still another object of tbis invention is 
• to provide for the distillation of volatiliz- 
able constituents from solid carbonaceous 
materials containing volatilizable con- 

35 stitaents. 

Another object, of this invention is to 
provide for the mechanization of carbon 
monoxide! and hydrogen to produce a fuel 
gas of high heating value. 

40 In copending Application $0. 23917 — 
S— 9/49 (Serial No. 883, »18) a novel* pro- 
cess for pulverizing carbonaceous solids 
is disclosed. In accordance with the 
method disclosed in said application a! 

I 



of at leasti 60 feet per second and at least 
sufficient to shatter said frangible solid 
particles by collision of said particles 65 
with one another resulting from said 
highly turbulent flow. The liquid is 
vaporized in the heating zone to form a 
dispersion of solid particles in the result- 
ing vapor flowing as a confined stream in 70 
highly turbulent flow. Bapid disintegra- 
tion of the particles to powder takes place 
in the heating zone, probably as a result 
of collisions between the particles due to 
the highly turbulent flow of the dis- 76 
Persian. 

It has been proposed in Specification 
No. 651,370 to provide a method of pro- 
ducing fuel gases of high heating value 
which comprises contacting at a high tern- 80 
perature and pressure a gas mixture con- 
taining carbon monoxide and hydrogen 
with a dense fluidized mass of finely- 
divided solid carbonaceous material in a 
hydrogenation zone whereby the hydrogen 85 
reacts with the carbonaceous material 
and /or the carbon monoxide to yield 
gaseous hydrocarbons. 
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We, Texaco Development Corpora- 
tion, a corporation organised under the 
luws of the State of Delaware, United 
States of America,, of 135, East 42nd 

5 Street New York, 17, State of New York, 
United States of America, do hereby de- 
clare the invention, for which we pray 
that a patent may be granted to us, and 
the method by which it is to be perf ormed, 

10 to be particularly described in and by the 
following: statement: — 

This invention relates to a process for 
the production of fuel gas from a car- 
bonaceous solid fuel. In one of its more 

16 specific aspects this invention relates to 
an improved process' for the distillation 
of coal and tke simultaneous methaniza- 
tion of carbon monoxide and hydrogen to 
produce a fuel gas of relatively high 

20 heating value. The process of this inven- 
tion may be applied to the gasification of 
coke, oil shale, .and various grades of coal 
including anthracite, lignite, and bitu- 
minous coals. 

26 An object of this invention is to pro- 
vide an improved process for the gasifica- 
tion of solid carbonaceous fuels. 

Another object of this invention is to 
provide for the production of fuel gas 

30 from solid fuels. 

S'till another object of this invention is 
to provide for the distillation of volatiliz- 
able constituents from solid carbonaceous 
materials containing volatilizable con- 

36 stitments. 

Another object of this invention is to 
provide for the methanization of carbon 
monoxide 1 and hydrogen to produce a fuel 
gas of high heating value. 

40 In copending Application No. 2S&17 — 
8—0/49 (Serial No. 683,818) a novel pro- 
cess for pulverizing carbonaceous solids 
is disclosed. In accordance with the 
me thod disc losed in said application ai 

I ~ 
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process is provided for reducing the 
particle sine of a frangible solid material 
which comprises admixing' said solid in 
granular form with a vaporiaable liquid 
in an amount sufficient to form a fluid 
mixture of said 1 solid in said liquid, pass- 
ing said mixture as a confined stream in 
turbulent flow into a heating zone, 
vaporizing substantially all of said liquid 
from said mixture in said heating zone 
thereby forming a dispersion of solid 66 
particles in the resulting vapor flowing 
as a. confined stream in highfy turbulent 
flow, and maintaining said, stream, of dis- 
persion in highly turbulent flow- over an 
elongated path, characterized by the. fact 60 
that the dispersion of solid particles and ' 
vapor within said zone attdinVV velocity 
of at leasti 60 feet per second and at leasV 
sufficient to shatter said frangible solid 
particles by collision of said particles 
with one another resulting from said 
highly turbulent flow. The liquid is 
vaporized in the heating zone to form a 
dispersion of solid particles in the result- 
ing vapor flowing as a. confined stream in 
highly turbulent flow. Eapid disintegra- 
tion of the particles to powder takes place 
in the heating zone, probably as a result 
of collisions between the particles due to 
the highly turbulent flow of the dis- 
persion. 

It has been pro]>osed in Specification 
No. 651,370- to provide a method of pro- 
ducing fuel gases of high heating value 
which comprises contacting at a high tem- 80 
perature and pressure a gas mixture con- 
taining carbon monoxide and hydrogen 
with a dense fluidized mass of finely- 
divided solid carbonaceous material in a 
hydrogenation zone whereby the hydrogen 
reacts watih the carbonaceous material 
and /or the carbon monoxide to yield 
gaseous hydrocarbons, 



65 



70 



76 



85 




BNSDOCID: <GB 683719A I > 



< I 



'v . 083,719 



In accordance with, the present inven- 
tion, this novel step of heating and pul-;.^ 
v&rigiTiff solid carbonaceous material is 
employed in connection with gasification - 
5 of the resulting powdered fuel ^tlr, : 
oxygen and steam and conversion of thfti 
resulting carbon monoxide and hydrogen 
to fuel gas. Thus the present invention 
provides a process for the generation of 
V0 fuel gas from a solid carbonaceous fuel 
containing volatilizable constituents, 
which comprises admixing said solid car- 
bonaceous fuel in particle form with, suffi- 
cient water to form a fluid suspension, 
15 passing said suspension through a heating 
zone at an elevated temperature such that 
substantially .all of the water is vaporized 
thereby forming a dispersion of coal m 
steam, and causing said dispersion to 
CO attain a velocity of at least 60 ft. per 
second to shatter the particles of coal by 
collision, passing the resulting dispersion 
into a fluidized bed of solid carbonaceous 
material in a methanization zone into con- 
25 tact wi'th carbon monoxide and hydrogen 
at a temperature within the range of from 
about 000 to about 1S0O P. whereby 
carbon monoxide and hydrogen are con- 
verted to methane and volatilizable oon- 
30 stituents of said solid carbonaceous mate- 
rial are distilled therefrom, withdrawing* 
carbonaceous material from said mech- 
anization zone and passing it into con- 
tact with oxygen and steam _ m ^ dilute 
35 phase in a gasification zone maintained at 
a temperature within the range of from 
about 2000 to about SOW* P., passing the 
resulting gases comprising carbon mon- 
oxide and hydTogen from the gasification 
40 zone into the inethanization zone as the 
source of carbon monoxide and hydrogen 
therefor, and discharging the gaseous 
products of the mechanization zone as the 
raw product fuel gas. The gasification 
45 with steam and oxygen is carried out m 
a flow type gas generator at a tempera- 
ture within tie range of from about 2000 
to about? 3000° F. Hot gases from ike 
gasification step are used to supply heat 
50 for carbonization of the fuel in a fluidized 
bed in a separate carbonization and mech- 
anization zone. The methanization zone 
is operated at a temperature within the 
range of from about 900 to about 1800" 
s& 1? and preferably within the range of 
from about? 1000 to .about loOO 0 Addi- 
tional heat is liberated by the methaniza- 
tion reaction, i.e. the reaction of oarboid 
monoxide and hydrogen to produce 
60 methane. Methane produced by this reac- 
tion and that liberated from the fuel by 
distillation serve to enrich the product 
gases. Heat from the gasification is also 
used for heating the slurry to vaporize the 
65 liquid and preheat and vaporize the car- 



bonaceoua solid. 

An important distinction over processes 
of the prior art is the combination of an 
unobstructed, flow type generator and a 
fluid bed methanization zone. The results 70 
obtained by this combination axe quanti- 
tatively different from those obtained by 
: fluid bed gasification processes and those 
employing" moving beds. In the flow type 
generator, the quantity of solid fuel sup- 75 
plied to tiie generator is just sufficient to 
react with the gases. Slag may be with- 
drawn from the generator as a liquid or 
solid ash may be separated from the pro- 
duct gases. Free heat transfer by radia- 80 
tion is achieved so that the entire reac- 
tion zone operates at essentially a single 
uniform temperature. For best results the 
internal surface area of, the generator, as 
compared with the surface of a sphere of 85 
equal volume, is less than 1,5 times the 
surface area of the sphere. Methanization 
is most effectively carried out at. a tem- 
perature considerably below the tem- 
perature effective fox rapid and efficient 90 
gasification. The fluidized bed of solid 
fuel and resulting char provides an ideal 
reaction zone for the production . of 
methane from carbon monoxide and. 
hydrogen, since the entire reaction zone 95 
may be maintained at a uniform desired 
temperature. As theTe is no appreciable 
consumption of the coal particles in, the 
fluidized bed and no ash production, there 
is no problem of carbon loss as in the con- 100 
ventional fluid bed gasifier. Heat transfer 
surfaces may be provided in the methan- 
ization zone for accurate control of the 
temperature therein. Heat from the 
methanization zone may be used to vapor- 105 
ize the slurry feed stream. 

Since the bed of solid particles of car- 
bonaceous material in the methanization 
zone is maintained in a highly turbulent 
condition, fresh coal is rapidly dispersed 110 
in a. large volume of carbonized coal or 
char, tinder these conditions, a, ' raw 
caking coal passes through the plastic 
stage with a minimum of agglomeration. 
Heat transfer surfaces are Eept clean by 115 
the abrasive " action of the fluidized 
particles. 

The process of this invention produces* a 
fuel gas of equal "or higher "heatingi value 
than comparable "processes in wMch gasi- 120 
fication with steam and oxygen is carried 
out in a dense phase, e.g. ,~in a fluidized or 
moving bed; with an appreciable saving 
in oxygen and steam. "The permissible 
oxygen-tci-ateam ratio in the generator is 125 
considerably higher than for the conven- 
tional dense phase gasification " reactors 
while, at the same' time, the oxygen-to- 
fuel ratio is lower. Since oxygen and, to a- 
lesser extent, steam requirements are 1B0 
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signiiicant f actors in tlie cost' of synthetic 
fuel production, the present process mate- 
rially improves tlie economy of the pro- 
duction of fuel gas of high heating value. 
« The overall steam requirements for the, 
process range from about 0.8 to about 
2.0 pounds per pound of solid fresh fuel 
while the free oxygen requirements range 
from about 0.1 to about 0.8 pounds per 

10 pound of solid fresh fuel. Pressures may 
vary from about 15U to about 750 pounds 
per square inch gauge, or higher. 

Coal in particle form is mixed with 
sufficient water to form a fluid suspension 

16 or slurry. The slurry is passed through a 
tubular heating zone wherein it is heated" 
to a temperature, at least sufficient to 
vaporize the water. Combined water con- 

( tained in the coal need not be completely 

20 removed in the heating- step. The heating 
step produces a dispersion of powdered 
coal in steam and at the same time may 
distill some of the vola tillable constitu- 
ents from the coal. 

25 The quantity of liquid admixed with 
the coal to form the suspension may vary 
considerably depending upon process re- 
quirements and the feed materials. A 
minimum of about 35 percent water by 

90 weight is required to form a fluid suspen- 
sion of coal. The liquid content of the 
suspension may be controlled by first 
mixing the solid with a quantity of liquid 
in excess of the required quantity and 

35 adjusting the consistency to the desired 
value by removal of excess liquid in a 
conventional thickener. The suspension is 
readily puniped with suitable equipment, 
e.g., with a diaphragm type pump, of the 

40 type commonly used for handling similar 
suspensions of solids. The suspension may 
be made up at a point some distance away 
from the processing site and pumped to 
the site in a pipeline. 

45 A catalyst for the methanization reac- 
tion, for example, iron oxide, may be 
added to the slurry, also fluxing ageuts, 
e.g., lime, silica, alumina, etc., to de- 
crease the fusion temperature of the ash. 

50 Some coals require substantial theor- 
etical amounts of steam for the produc- 
tion of hydrogen and carbon monoxide by 
reaction with steam and oxygen at tem- 
peratures within commericallv attainable 

55 limits (2000° F. to 3000° F.)/ Others con- 
tain water in sufficient quantity or even 
in excess of the theoretical requirements. 
Anthracite is an example of the former, 
requiring a considerable quantity of 

60 steam, for example, 30 percent by weight. 
Lignite is an example of the latter,- often 
containing more than the theoretical re- 
quirement of water. Water in excess of 
the theoretical requirement is not defcri- 

65 mental to the gasification reaction. "While 



anthracite, because of its relatively high 
steam requirement, is an excellent feed 
inaterial for the process of this inven- 
tion, lignite may also be used. 

Anthracite silt may advantageously be f q 
used as a feed material for the present 
process. Anthracite silt is a term appliea 
to the fine particles of coal and associ- 
ated impurities, obtained as a by-pro- 
duct in the mining, handling, and sizing 75 
of anthracite coal. Anthracite silt may he 
used in the present process without pre- 
liminary grinding. It ranges in size from 
about inch average diameter to abouli 
200 mesh, {he hulk of the material fall- 80 
ing within the> range of 3/32 inch to 100 
mesh. 

The size of the coal i>urticles fed to the 
heating step is, not of especial importance 
to the successful operations of the inven- 86 
tion. Particles of a size which may be 
passed through the heater tubes without 
difficulty may be used, i.e., particles hav- 
ing an effective diameter less than one- 
third the pipe diameter. Generally, it is 99 
preferable to use particles less than about 
one-quarter inch in average diameter. 
Since the heating the dispersion under 
turbulent flow conditions results in dis- 
integration of the coal, costly pulveriza- 95 
tion by mechanical means is eliminated. 
It is contemplated in most applications 
of this proees that the coal will be re- 
duced only to a particle size such that it 
may be readily handled as a suspension or 10D 
slurry. The coal may be crushed mech- 
anically to about one-fourth inch in 
average diameter with a relatively small 
expenditure of power. Further mech- 
anical reduction in size becomes progres- ^05 
sively more expensive, pulverization re- 
quiring large expenditures of power. It 
is evident that this process possesses im- 
portant advantages over conventional 
methods which involve separate pulveriz- 1 in 
ation and carbonization. 

The temperature at the outlet of the 
heating coil may range from about 25Q 
to 1500° F. or higher. The temperature 
preferably is at least sufficient to insure iir 
substantially complete vaporization of 
liquid j>resent in the dispersion by the 
time it is discharged from the heatin°- 
zone. Preferably a temperature within 
the range of 600 to 1400° F. is attained 120 
at the outlet of the coil. The higher tem- 
peratures, within practical limits, are 
usually advantageous. The extent of car- 
bonization, i.e., distillation of volatiliz- 
able constituents from the coal, may be 125 
controlled by control of the temperature 
Pressure, m itself, is not critical in the 
heating step. The temperature and pres- 
sure relationships affecting vaporization 
are well known. It is desirable to operate 130 
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the heating zone at a- pressure somewhat 
Linker thai the operating pressure qf the 
gasification zone. In *• S! ner * tao ? °i* U fJ 
or synthesis gas, it is often desirable to 
5 operate the fasification step - at an ele- 
cted Measure, for example. 300 to oW 
^Jp^uare inch The heating and 

heating zone due to resistance to flow 
This drop may he on the order ot, for 
15 e^niple, 100 pounds per square mch. 
Of t^o it is desirabl e to reduce the pressure 
suddenly in the heating- zone or at its 
nutlet to enhance the vaporization and 
Ste^ation actions of the heating step. 
20 Partof the vapors may be separated 
from the powdered solid before it is fed 
into the mechanization zone or part of the 
SSfiay he separated from the gasiform 
disSon. Steam separated from the 
25 S^Weeous particles may be ,pa«ed 
to the gasification zone to supply at le*t 
^portion of the steam thereto. Separation 
ordered solids from gases or vapors 
maybe effected in a number ofwaya- A 
30 cvclone separator is generally efteefave f or 
Xval of solids from gases Very fine 
articles may be separated with a GottreU 
JrSpStor y Less desirable are separators 
of the filter or liquid contact type. 
85 i number of advantages are drtauwd 
by this method of operation. Pulvenza- 
S«W preheating of the «oal, and 
feneration and preheatang of the ste am 
for the gasification reaction may be 
40 accomplished in a single heating step. 
AdSnally. the coal may be sabjectefl 
^ distillation conditions. ^« 
Z. a liquid to form a slurry, the carbon- 
Meous solid may b* readily transported 
45 Subjected to elevated pressure Since 
Se slurry may be handled as .a liquid, 
Sublesome lock hoppers and similar de- 
vices are eliminated and replaced simply 
bv a slurry miser and a pump. Another 
60 aLantSTresulto from the fact that, m a 
W dSSsion, the quantity of coal fed to the 
M-ocess may be accurately metered. 
^ThT invention will be more readily 
understood from the following, detailed 
55 description and the accompanying draw- 
the detailed description of illus- 
gative operations involving the present 
invention, coal is token as a prd«™J 
fuel and water as a preferred liquid for 
60'forming the dispersion. 

TheTfteuj* is a . diagrammatic *leva~ 
tional view illustrating a Preferred 
method of carrying out the process of the 
raesent invention. . . , . 

65 With reference to the figure, coal in 



particle f om is introduced through bue 
1 into storage hopper 2 from which it 
may be passed through line 3 into mixer 
4 Sufficient water to form a fluid slurry 
of coal in water is admitted to the mixer 7U 
through line 6. The slurry is withdrawn 
from the mixer 4 to a pump, 7 and forced, 
under pressure through a heating coil 8 
wherein it is heated to a temperature at 
least sufficient to vaporize the water, lhe 
resulting dispersion of powdered coal in. 
steam is introduced into conduit 9 and 
thence into vessel 10. 

Vessel 10 is a pressure ^ vessel wherem 
hot gases comprising carbon oxides and ou 
hydrogen resulting from the gasification 
of solid fuels with oxygen and steam are 
contacted with fresh coal and its char in 
a dense phase fluidized bed. A cooling coil 
U Tprovided in vessel 10 to remove 85 
excess heat therefrom and to control tlie 
temperature at which the methanizatton 
zone is operated. In the vessel 10, carbon 
monoxide and hydrogen interact in the 
presence of the solid fuel to produce 90- 
methane. At tlie same tune, volatihsable 
materials are distilled from the ooal and 
admixed with the gases resulting from 
the gasification with steam and oxygen 
and the inethanization reaction. »a 

The resulting mixture of gases passes 
through line 12 to a cyclone separator 13. 
In the separator 13, solid particles ot 
coal which may be carried over from tlie 
fluidized bed in vessel 10 are separated iuw 
from the gases. The fine particles so re- 
covered, are passed through line 14 to 
miser 4 into admixture with particles ot 
fresh coal from line 3. The gases from 
separator 13 pass through line 15 intolUo 
heat exchange with the slurry in tne 
heating coil 8 to provide at least a por- 
tion of the heat required for heating tlie 
slurry. The gases aTe then discharged 
from the system through line 16 as raw liu 
fuel which, after suitable purificataon 
steps for the removal of water con- 
densible oils and taxs, is suitable for in- 
dustrial and household heating. ' 

Char from the vessel 10 is wittdrawnllS 
through line 17 and introduced into the 
o-asification zone IB into admixtoe mth 
oxygen and steam entering .through line 
19. The gasification zone is operated as a 
flow generator with the reactants in dilutelZO- 
phase. The resulting gases from the gasi- 
fication zone pass through line. 9 into 
vessel 10- Slag is discharged from the 
gasification zone 18 through line 20. 



EXAMPI/B: 12f> 

Buckwheat coal h*ving the following 
analysis is used in the . process of this 
invention : 
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Proximate % as ;% Dried at % Moisture 

C. Analysis Rec'd. 105° C. & Ash Eiee 



Moisture 
Volatile Matter 
Fixed Carbon 
Ash - - 

Ultimate 
Analysis 



3.3 
4.7 
78.1 
13.9 



4.9 
80.7 
14.4 



94.3 



Ash - - - 


- 13.9 


14.4 




Sulfur 


O.G 


0.6 


0.7 
2.6 


Hydrogen - 


- 2.5 


2.3 


Carbon 


- 76.7 


79.3 


92.7 


Nitrogen - 


0.8 


.8 


0.9 


Oxygen - - 
Caloric Value, 


5.5 




3.1 






BTT per lk - 


- 12,730 


12,730 


14,87() 



% Dry & 
Mineral 
Matter Eree 



95.9 



15,040 



A slurry is made up using oue pound of 
water per pound of coal. The slurry is 

20 charged through a heating coil wherein 
it is heated to about 1100° F. and charged 
into a fluidized bed of char in a methani- 
zation zone maintained at about 1160° E. 
and 000 pounds per square inch gauge. 

25 The slurry is passed in indirect heat 
exchange with the fiuidized bed of char in 
the methanization zone. 

The gasification zone is operated at 
about 2320° E. and 600 pounds per square 

30 inch jrauge. Steam and oxygen axe pre- 
heated to about 620F* E. and admixed with 
char drawn directly from the mechaniza- 
tion zone. The quantities of steam and 
oxygen fed to the gasiner correspond to 
35 0.773 pound steam and 0.7GO pound of an 
oxygen concentrate containing 99.2. per- 
cent oxygen and 0.8 percent nitrogen, by 
volume, per pound of raw coal, as 
received, fed to the system. The slag is 

40 withdrawn from the gasifier as a liquid 
in an amount corresponding to 0.160 
pound per pound of feed. 

The char from the methanization zone 
amounts to about 0.907 pound per pound 

46 of raw coal. About 0.021 pound of 
recovered fines is separated from the pro- 
duct gas and admixed with the fresh feed. 

The gas from the gasification zone at 
2320° E. has the following approximate 

50 composition: 

Volume 
Percent 

Hydrogen ------ 26 

Carbon Monoxide - 49 

55 Water Vapor ----- li> 

Carbon Dioxide 10 

All of this gas passes 1o the methaniza- 
tion zone. 



The total product gas from the 
methanization zone has the following qq 
a pproxi mate composition: 

Volume 
Percent 

Hydrogen H 

Methane - - - . - - -12 65 
Water Vapor - - : - 44 ' 

Carbon Monoxide - - _ - 3 , • 
Carbon Dioxide - - . . - - - 30 

In addition, the raw 'g&a contains small 
amounts of nitrogen ;>nd" sulfur com- 70 
pounds. - - ' V - 

The total product gas" is itrented for 
removal of water, carbon dioxide, and 
sulfur compounds. A purified fuel gas is " 
obtained in an amount equivalent to about 75 
14.2 standard cubic feet per pound of raw 
coal of the following composition : 

Volume 
Percent 

Hydrogen ------ 40 80 

Methane 46 

Carbon Monoxide - - - - 12 

Nitrogen - 1 

Water vapor and 
Carbon Dioxide l 86 

The fuel gas has a gross heating value 
of about 611 BTF and a net heating value 
of 548 BTTT per standard cubic foot. 

What we claim is : — 

1. A process for the generation of fuel 90~ 
gas from a solid carbonaceous fuel con- 
taining volatilizable constituents, which 
comprises admixing said solid carbon- >\V 
aceous fuel in particle form with sufEcieint* * " 
water to form a fluid suspension, passing 86, 
said suspension through a heating zone! -at" - 
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an elevated temperature such that sub- 
stantially all of the water is vaporized 
thereby forming a dispersion of coal m 
steam, and causing said dispersion to 
5 attain a velocity of at least 60 ft. per 
second to shatter the particles of coal by 
collision, passing the resulting- dispersion 
into a fluidized bed of solid carbonaceous 
material in a methanization zone into 
10 contact wMi carbon monoxide and 
hydrogen at a temperature witkin the 
range of from about 900 -to about 1S00 F. 
whereby carbon monoxide and hydrogen 
are converted to methane and volatilisable 
15 constituents of said solid carbonaceous 
material are distilled therefrom, with- 
drawing carbonaceous material from said 
mechanization zone and passing*, it 
into contact with oxygen '.and 

20 

steam in d ilute phase in a gasi- 
fication zone maintained at a tempera- ; 
turej within the range of from about S000, 
to about 3000° P., passing the resulting' 
cases comprising carbon monoxide and 

36 hydrogen from the gasification zone into 
the methanization zone as the s 0 ™* oi 
carbon monoxide and hydrogen therefor, 
and discharging the gaseous products of 
the methanization zone as the raw product 

30 fuel gas. 

2. A process according to claim i 
wherein at least a portion of the heat 
requirements of said heating zone is 
obtained from said methanization zone by 

35 indirect heat exchange. . 

3. A process according to claim 1 or ^ 
wherein said methanization zone is main- 
tained at a temperature within the range 
of from about 1000 to about 11500° F. 

40 4 A process according to any one of the 
preceding claims wherein the gasification 
zone and methanization zone are operated 
at a pressure within the range of from 
about 150 to about 750 pounds peT square 

45 inch gauge. 

5. A process for the generation ot tuel 
o-as from a solid carbonaceous fuel con- 
taining volatilizable constituents, which! 
comprises admixing said solid carbon- 

50 aceo-us fuel in particle form with suffi- 
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cient water to form a fluid suspension, 
passing said suspension through a heating 
zone at an elevated temperature such -that 
substantially all of the water is vaporized 
thereby forming a dispersion of coal in 55 
steam, and causing said dispersion to 
attain a velocity of at least 60 ft. per 
second to shatter the particles of coal by 
collision, separating at least a portion of 
the steam from the solid carbonaceous w 
particles passing the solid carbonaceous 
particles into a fluidized* bed of solid 
carbonaceous material in a methanization 
zone into contact with carbon monoxide 
and hydrog'en at a temperature within the 
range of from about 900 to about 1800° 
F., whereby carbon monoxide and 
hydrogen are converted to methane and 
volatilizable constituents of said solid 
carbonaceous material are distilled there- 
from, withdrawing carbonaceous material 
from said methanization zone and passing 
it into contact with oxygen and steam in 
dilute phase in a gasification zone main- 
tained at a temperature within the range *5 
of from about 2000 to about 3000° 
passing the steam separated from the 
solid carbonaceous particles to the gasifi- 
cation zone to supply at least a portion 
of the steam thereto, passing the result- 
ing gases comprising^ carbon monoxide 
and hydrogen from file gasification zone 
into the methanization zona as the source 
of carbon monoxide and hydrogen there- 
for, and discharging the gaseous products 85 
of the methanization zone as the raw pro- 
duct fuel gas. - 

6. The process for the generation of 
fuel gas substantially as hereinbefore 
described. 90 

For* TEXACO DEVELOPMENT COH- 
PORATION. 
Stevens, Langner, Parry & EoJlinson, 
Chartered Patent Agents, 
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New Tort, 17, 
New York, U.S.A. 
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